Abstract. Among gregarious, placental mammals, breeding synchrony usually occurs by adjustment of the timing of estrus, not births, and it has been suspected that the former process governs synchronized parturition. Gestation length data gathered on wild plains bison (Bison bison) over a 5-yr period demonstrate: (1) females in good body condition who were mated after the seasonal peak shortened gestation by -6 d, synchronizing births with other females; (2) no similar adjustments occurred among females in poor condition; and (3) those females that shortened gestation incurred a cost because their neonates were, on average, -20 kg lighter when 6 mo old. Reproductive synchrony may also be achieved by a less radical tactic; unmated females use olfactory cues to explore the status of other females prior to their own estrus but not after. These data suggest that there is adaptive variation in gestation length in bison cows in good condition and that assumptions about the constancy of gestation are unwarranted.
INTRODUCTION
Reproductive synchrony, resulting in the birth of offspring within a short time frame, occurs among numerous social mammals (Rutberg 1987 , Ims 1990 ). While environmental, ecological, and physiological factors control breeding seasonality (Sadlier 1969 despite having neonates that, on average, were 20 kg lighter when 6 mo old than those gestated to full term. These findings illustrate not only the existence of a mechanism differing from estrous synchrony, but the costs that some bison females must pay to compress their birth season.
METHODS
Data were gathered on bison in Badlands National Park (South Dakota) from 1985-1989, where >200 individually distinguishable animals were observed for >8500 h. Females' body masses, ages, and skeletal dimensions were known from capture in July (one year) or September (four years) (Kock and Berger 1987 , Berger and Peacock 1988 , Berger 1989 . A constant for skeletal size, head length, was scaled to body mass by power regression (Y = ABX, r2 = 0.76; Berger and Peacock 1988), and animals whose mass values were below or above the line were designated to be in relatively poor or good condition, respectively. This method avoids the inherent bias of using body mass per se, since heavy animals can be in poor condition, and vice versa. Reproduction was evaluated by direct observation of copulations or was known when females erected their tails for up to 6 h, a behavior characteristic of mated females only (Berger 1989) . The data base consisted of information on 261 copulations (Berger and Cunningham 1991).
Since it was not possible to handle all animals in every year of the study, a photogrammetric device was used to evaluate growth. Changes in calf head and body size were assessed at different ages by using a Mitutoyo (500 Series) Digimatic caliper (Phototrix, Arcata, Cal- 
Variation in parturition
Data on birth dates and gestation lengths were available for 5 and 4 yr, respectively, at the Badlands and on birth dates at two other sites (Table 1) . Annual variation in median parturition date at Badlands was slight, with the peak ranging from 2 to 8 May and the most compressed 50% of births taking place within 20-27 d. The number of days elapsing from the first birth in a given year until 65% and 80% of the subsequent births occurred are also shown, reflecting greater annual variation. For instance, in 1986, 41 d were required to reach the 80% threshold, but in 1988 69 d were required (Table 1) 
Adjustment in gestation length
To examine whether gestation lengths are adjustable, it is first necessary to determine the extent to which they vary and to remove effects of potentially confounding variables. Over the 4 yr for which data were available, mean gestation period varied from 277 to 293 d (Table 1) The possible effects of other factors on gestation length were examined by partitioning the sample for multiparous females into classes based on the number of days that copulation and birth dates deviated from the median for that year (Fig. 1) . Estimates of the annual median were derived from the total number of copulations (N = 261), but data on gestation lengths were not available for all mated females since birth dates were not known in every case. Therefore, the gestation length data in Fig. 1 represent only a subset of females that bred mostly after the median date. Nevertheless, it was preferable to examine for possible adjustments in gestation length, in relation to the median for all copulations, rather than just those copulations in which coincident gestation lengths were known, since any putative modification may have been in response to cumulative effects of the rut or parturition season and not just those in the subsample. Maternal condition and mating date both exerted significant influences on gestation length (three-way ANOVA: FCofditiof = 9.73; P <. 001; Fdate = 122.12; P < .001; Finteraction = 4.22; P < .05) but maternal mass had no effect (F = However, the key point from the perspective of social facilitation of births is not the effect of nutrition per se but the extent to which compensation in gestation length occurs. If adjustments in gestation length promoted synchronous births, females mating after the peak should have been characterized by shorter gestation periods than those bred before, but the data just noted indicated that cows in poor condition had longer gestation periods. Had females in good condition modified their gestation lengths, effects should have been evident in the ANOVA in which gestation length was contrasted between females of different mating dates and body conditions. However, because the analysis failed to account for variation in deviation after the mating peak, it may be that females bred well after the peak cannot afford an early in-utero termination, whereas those bred nearer the peak could. Therefore, I split the 22 females bred after the median date into two equal-sized groups based on copulation date (1-14 and 15-30 d post-median), and contrasted their gestation lengths with those for females mated prior to the median. While the variance in gestation length was greater for females bred from 15 to 30 d after the median (F1O,O = 5.37; P < .02), differences in gestation length were absent (Mann-Whitney U' = 56; NS; a nonparametric test was necessary due to uneven variances) for females mated after median. These results suggest that some late-mated females lacked the ability to adjust gestation. More striking, however, is that the females that bred within 14 d after the peak had significantly shorter gestation lengths than those mated before variances were similar, F = 2.53; NS). Hence females in better than average condition that mated late reduced their gestation length an average of 5.9 d compared to early-mating females.
The differences between categories were not due to female age (t = 0.09, NS) nor is it likely they resulted from undetected copulations with different males, since -95% of bison cows mate with a single bull (Lott 1979 ). Nevertheless, the supposition of gestation adjustment hinges on the assumption that observations of copulations resulted in conception or, if they did not, that systematic biases against any particular category of animals were not evident. For instance, if cows failed to conceive in their first estrus, only to recycle and copulate later, then gestation lengths would have been overestimated on average by -3 wk, the approximate interval between cycles (Fuller 1966 ). This possibility was checked in daily censuses of group size and composition by noting which females were investigated or guarded by males and whether females that had copulated weeks before had raised tails or swollen vulvas, both indications of having mated within several hours (Berger 1989 esis of no effect when there is an effect), so only females with known copulation dates were contrasted; this increased the sample size from 77 to 126. Of females in good condition, 4.4% recycled, while 6.9% of those in poor condition did. The lack of differences (G = 0.37; NS) suggests that any mistake in gestation length was unlikely to be in any particular direction. Hence the data support the hypothesis that (1) late-breeding females in good body condition shorten gestation, synchronizing births with other females, while (2) no similar adjustments occur -among females in poor condition.
Benefits and costs
Numerous social benefits may result from birth synchrony. Mothers might profit by: (1) (Fig.  2) . The growth rate of only one calf born to a mother in poor condition mated before the peak was available, so this category was excluded from analyses. The regression slopes (Fig. 2) do not differ (F217 = 0.89; NS) but elevations do (F2,17 = 9.13; P < .02); the differences between groups (A) and (B) and between groups (A) and (C) were significant (P < .01; Scheffle's Test), but elevations of (B) and ( It is unclear whether the adjustment of gestation lengths arose as a consequence of intense selection brought about by heavy predation. If giving birth synchronously is an important tactic, there should be evidence that females mating early delay birth, but this possibility must await a further test. An alternative is that some females possess the ability to cue on proximate phenological triggers. If this were the case, it is not easy to imagine how the potential benefit of feeding on some nutrient-rich vegetation for a few extra days could outweigh the costs of terminating gestation early with its coincident diminution of subsequent neonatal growth.
Mechanisms that facilitate reproductive synchrony
Might tactics less radical than gestation shortening be available to mothers in good condition who mate late to enhance estrous rather than birth synchrony? For many species sensory information about female reproductive status is obtained by ano-genital (A-G) investigations, although the major hypotheses to account for flehmen in females have focused on dominance and neonate recognition (O'Brien 1982, Pfeifer 1985) . If, however, bison use olfactory cues to facilitate estrous synchrony: (1) unmated females should investigate A-G regions of both mated and unmated females; (2) mated females should not be involved in A-G investigations, since information on nonspecific estrus would no longer be of importance; and (3) femalefemale A-G sniffing should be more pronounced before the breeding peak.
The data support these predictions (Fig. 3) . More than 93% ofthe A-G investigations by females of known reproductive status were initiated by unmated cows. Differences between the period before and after the peak were not detectable (Gadj = 0.51; N = 101; NS). However, the distribution of A-G recipients changed, with unmated females predominating during the period prior to the median copulation date, and mated females after (G = 14.84; P < .001). Overall, flehmen was about twice as frequent during the 21 -d period prior to the median than during the same period after that females first use olfactory cues to explore the status of other females prior to their own estrus, but later they apparently rely upon a different mechanism to facilitate synchronous reproduction-gestation shortening.
CONCLUSIONS
Although evidence for gestation modification in other species is meager, both marsupial and placental mammals exhibit remarkable intraspecific variation in gestation length (Eisenberg 1 98 1, Kiltie 1982, Lee and Cockburn 1985) . Because factors such as social environment, body mass, and sex of offspring can explain up to 43% of the variance in gestation length in horses (Berger 1986) , there is reason to suspect that gestation in other species could be either lengthened or shortened in response to environmental or social cues. Inter-annual variability in births, with presumed gestation lengthening, occurs in at least one gregarious ungulate, Dall sheep, when unpredictable late spring snowstorms render neonatal survivorship questionable (Rachlow and Bowyer, in press). Conversely, gestation may be shortened because diminished neonatal growth is worth trading for improved survivorship (by minimizing predation). In at least two species, bison and squirrel monkeys, females employ olfactory monitoring and A-G investigation around the time births begin (Boinski 1987) .
The findings reported here have implications in two general areas. First, while the evidence for bison suggests gestation adjustment facilitates birth synchrony, additional data from other gregarious mammals will be necessary to confirm both the existence of and mechanisms involved in such putatively adaptive processes. Second, in studies of reproductive success, when assigning paternity it may be imprudent to assume constancy in gestation length by backdating a standard gestation length from birth dates (e.g., Clutton-Brock et al. 1982) if the species under study can reasonably be expected to show reproductive synchrony.
